Abstract. The pre-SMCRA, 7.3-ha Fonde Surface Mine Demonstration Area supported a vascular plant flora of 299 taxa after 24 years of succession. Relative richness of this mine was 88 percent of that to be expected in an unmined area of this size in the Mixed and Western Mesophytic Forest Regions, and this relative richness is similar to that found in other completely inventoried pre-SMCRA mined areas in Appalachia. One species, Scirpus fluviatilis, is on the Kentucky list of threatened plant species. Native taxa comprised 82.2 percent of the flora. Out of 31 taxa that were planted for reclamation and research purposes, 26 still remained. The planted herbaceous taxa have, for the most part, yielded to native taxa. Abundances of 73 percent of the taxa were rated as infrequent or rare. This abundance distribution is similar to that obtained when lognormally distributed species are assigned to abundance categories. Other studies of reclaimed mined lands using sampling methods returned lower relative richness and located no threatened or endangered species. Given the inherent advantages and disadvantages of inventories and sampling studies, we suggest that a combination of both methods is most desirable for future studies of succession and biodiversity on reclaimed surface mines and other areas.
Introduction
The effects of coal surface mining on biodiversity in Appalachia have long been a concern of local residents, conservationists, and environmental scientists. Prior to the Surface Mine Control and Reclamation Act of 1977 (SMCRA, also known as Public Law 95-87) many coal surface mines in eastern Kentucky were left with ungraded piles of mixed overburden, and revegetation was left to natural processes of invasion, establishment and succession. Many mining companies made modest attempts at revegetation in accordance with state laws that governed mining. The most commonly planted species were mixes of grasses and lespedezas often augmented with seed or seedlings of Virginia pine and black locust. The Fonde Surface Mine Demonstration Area was created to show how then state-of-the-art reclamation methods could improve upon those practices, result in more productive post-mining land uses, and reduce off-site environmental problems.
SMCRA dictates post-mining reclamation practices that are quite different from those used at Fonde. Nevertheless the Fonde mine is of interest because the initial conditions and reclamation procedures were well documented and the development of vegetation and soils has been studied thoroughly. Fonde is one of a suite of five variously reclaimed mines in eastern Kentucky where the development of their vegetation and floras has been studied using complete botanical inventory methods (Thompson et al. 1984 and 1996; Thompson and Wade, 1991; Rafaill and Thompson in press) . Although SMCRA has supplanted reclamation methods that were used upon these mines, their floristic development is of interest because:
C Biological inventories of disturbed areas have inherent value as records of human impacts upon the environment.
C Botanical inventories of pre-and post-SMCRA reclaimed lands can be used to evaluate effects of SMCRA on the biological recovery of mined lands.
C Intensive study of development of any reclaimed sites has high value for fine-tuning reclamation regulations and techniques in order to increase reclamation success and local biodiversity.
The objective of this paper is to describe the vascular flora that has developed on the Fonde mine after a period of 25 years. Province (Fenneman, 1938) . Bedrock consists of sandstones, siltstones, shales and coals of the Mingo Formation from Lower and Middle Pennsylvanian Series in the Pennsylvanian System (Rice and Maughan, 1978) . Childress (1992) classified soils in surrounding area as part of the Fairpoint and Bethesda soils on 2-20 percent slopes and Cloverlick-Guyandotte-Highsplint complex on 35-75 percent, very stony slopes. Braun (1950) The mine spoils were minimally graded to contain incoming precipitation and water drainage from about 7.0 ha of upslope secondary deciduous forest. Water was directed back toward the highwall and then to two settling ponds with controlled outlets and capacity to contain a 150-year storm. When possible, acid-forming coal wastes and shales were buried to lessen acid production.
No lime or fertilizer were used except for a few small experimental plots near the dam. The original mean pH value of the mine spoils was 4.0 and the range was 2.8-5.9.
The reclaimers established mixed hardwoods plantations of yellow poplar (Liriodendron tulipifera), northern red oak (Quercus rubra), white oak (Q. alba), red maple (Acer rubrum), sugar maple (A. saccharum), American sycamore (Platanus occidentalis), and green ash (Fraxinus pennsylvanica) in three areas on what were considered to be the best quality spoils (Fig. 2) . On lower quality spoils they established mixed pine plantations of Virginia pine (Pinus virginiana), pitch pine (P. rigida), and loblolly pine (P. taeda). Black locust (Robinia pseudoacacia) was planted in three areas with the worst spoils where little chance was given for success. Two extremely acid areas near the east and west ends of the mine were left unplanted. Near the center of the mine European black alder (Alnus glutinosa), Virginia pine, shrub lespedeza (Lespedeza bicolor), Korean lespedeza (L. stipulacea), and sericea lespedeza (L. cuneata) were planted in one large area for wildlife use. The alder and lespedezas were included for their nitrogen-fixing capability. Shoreline plantings were made around the lower siltation pond. Two Virginia pine plantations were planted above the highwall; one with and one without a grass mix. Altogether, 31
species were planted at Fonde and 18 of these were woody (Table 1) . Wade and Halverson (unpublished data) found that the Fonde mine soils could be grouped into five parent material types and these were not evenly distributed among the tree plantation types. All tree plantations contained at least two parent material types, each of varying qualities. Table 2 summarizes characteristics of mine soils at Fonde in 1988. Wade et al. (1985) and Wade and Vogel (1988) described development and productivity of the tree plantations on the Fonde mine. In general, forest productivity on the mine is equal to that in the unmined forest, but lack of thinning in the plantations has reduced diameter growth of individual trees. 
Methods
We surveyed and collected vascular plants throughout the 1989 and 1990 growing seasons at two-to three-week intervals from early spring through late autumn. Voucher specimens were prepared according to standard herbarium procedures and deposited in the Berea College Herbarium (BEREA). Gleason and Cronquist (1991) was used as the final authority for plant taxonomy. We determined relative abundance of each species during field reconnaissance and recorded abundance in each habitat encountered on the highwall, bench, and outslope. The species abundance categories were those used by Thompson et al. (1996) : were placed in an unplanted area. More detailed sample methods and results of that study are reported in Wade and Thompson (1999) .
Results and Discussion
Site Development
In the 24 years after reclamation, the mine soils were texturally and chemically similar to the unmined soils although there was more variation among the mined soils (Wade and Halverson 1988) .
There was little evidence of soil compaction from the mining and reclamation period. Most soil study pits in mine soils showed an A horizon with discernable B-C horizon differentiation.
The usually xeric highwall had wasted from 90 o slope to approximately 45 o in most areas although some near-vertical walls remained composed of the most durable exposed sandstone. The on-going wasting continually creates new, unvegetated, invasible areas.
The old haul road across the mine still is disturbed by occasional 4-wheel drive traffic. This disturbance renews opportunities for ruderal species establishment, and ruts provide small ephemeral water impoundments.
Two areas considered "too acid to plant" had moderated over time and contained a few Virginia pine, red maple, black gum (Nyssa sylvatica), sourwood (Oxydendron arboreum), and some broomsedge (Andropogon scoparius).
The mixed hardwoods plantations were dominated by red maple, northern red oak, and yellow poplar. Other significant canopy trees were American sycamore, black locust, Virginia pine, and white oak. Canopy trees of these species had diameters up to the 2-3 dm (8-12 inches) size class and red maple had a few in the 3-4 dm size class. The sapling layer was primarily red maple, sourwood, yellow poplar, sugar maple, red oak, and white ash. The ground layer varied in composition and was well developed in some areas, though it was noticeably less vigorous under red maple.
Mixed pine plantations were dominated by Virginia pine with successful loblolly pine in some areas. Red maple and sourwood were common invaders in the understory. Bicolor lespedeza was the most common shrub, and Smilax spp. and Toxicodendron radicans were important woody vines.
The black locust plantations were dominated by successional red maple with lesser amounts of sourwood, yellow poplar and American sycamore. Heavy black locust borer (Megacyllene robiniae) damage was apparent in remnant standing dead and down black locust trees. There were a few black locust saplings, shrubs and vines were unimportant, and the ground layer was very sparse.
The effects of initial plantings and soils on vegetation development at Fonde is covered by Wade and Thompson (1999) .
The Flora
The Fonde mine flora consisted of 16 Pteridophyta, 5 Pinophyta, and 277 Magnoliophyta. There were 299 vascular plant taxa (246 indigenous, 53 exotic) from 86 families (Tables 3 and 4 ).
The numerically most important plant families and genera (Table 4) were those also found to be most important on other reclaimed mines of the pre-SMCRA era in the region although the order varies (Thompson et al. 1986 ). Exotic 11
A total of 33 Bell County distributional records were found. Of the 31 species planted, 26 still persisted and 273 had successfully invaded and become established in the mine flora. The five planted taxa that did not persist were all exotic herbaceous species.
Fifty-two taxa (17.4 percent) in the Fonde flora are annuals and seven (2.3 percent) are biennials. Brynes and Miller (1973) found that the proportion of annuals in mine floras in southern Indiana decreased from 30-60 percent in the first decade after mining to less than 10 percent at age 45 years. The proportion of annuals in the Fonde flora is close to what they observed on 25-yearold cast overburden spoils.
The majority of the Fonde mine taxa fell into abundance classes rated infrequent (38.1 percent) or rare ( 35.5 percent) (Table 5) . Such a distribution is to be expected among a developing flora, and it is not unusual for more natural, mature areas. Ugland and Gray (1982) noted that among data sets of 50 or more species lognormally distributed, approximately 10 percent will be very abundant, 25 percent will be ranked intermediate, and 65 percent of the total will be rare. We used five abundance classes instead of three and it is difficult to directly compare our distributions to that suggested by Ugland and Gray. The distribution of taxa among abundance classes is generally similar for both native and exotic taxa.
Planted and persisting species comprised half of the taxa rated as abundant 24 years later, but they were lesser fractions of the lower abundance classes (Table 5) . Seventeen (22.5 percent) of the 31 planted species were classified abundant or frequent. While they dominated the mine flora at its inception, the planted herbaceous species have, for the most part, yielded to native taxa.
The 53 exotic taxa comprised 17.7 percent of the flora, and of these, 12 species (22.6 percent of the exotics) were planted. The planted shrub Lespedeza bicolor remained abundant after 24
years, but only one invading exotic taxon, Microstegium vimineum, achieved a rating of abundant.
Some of the exotic taxa such as Lespedeza hirta and Trifolium campestre may have reached the mine as contaminants in the reclamation species seed mixes applied to Fonde or other nearby mines.
Most of the exotic taxa are well-established, naturalized members of the Kentucky flora.
One wetland species on the Fonde site, Scirpus fluviatilis, is on the Kentucky Threatened plant species list (Warren at al. 1986 ). Complete inventories of other mines have also yielded one or more species listed as threatened or endangered (Drake 1991 , Thompson et al. 1984 and 1996 , Thompson and Rafaill in press, Thompson and Wade 1991 . We used a regional species-area curve of regional floras to provide a benchmark for relative richness of this mine 1993) . Species richness of the Fonde mine is comparable to that found by complete botanical inventories of other mines in this region (Thompson et al. 1984 and 1996 , Thompson and Rafaill in press, Thompson and Wade 1991 . The species richness of 299 in this 7.3 ha mine is 87.5 percent of that to be expected in Braun's (1950) Mixed and Western Mesophytic Forest Regions based upon the species-area curve.
As we have in previous mine floristic studies, we ask the question, "Why does the Fonde mine flora now have so many species on formerly devastated land?" The answer seems to be that surface mining and reclamation under pre-SMCRA conditions produced a high diversity of environments with soil and water chemistry ranging from medium to extremely acid, site conditions ranging from hydric to xeric, soil depths ranging from bare rock to several meters, a variety of slope aspects, and limited initial plant competition but with some site moderation by initial plantings. This high diversity of environments promotes high diversity of species, given that they are able to reach the site via wind, water, bird, or mammal transport or in mud on motor vehicles, colluviation of upslope soil material, or seed banks contained in original soils mixed into mine spoils. Most of these mechanisms were probably operative on the Fonde mine site.
Other studies of mined areas in Appalachia have returned much lower relative species richness but those were sample-based vegetation studies (Brynes and Miller1973, Skousen et al. 1988 , Holl and Cairns 1994 . Sampling studies tend to miss many occasional species and the large majority of species rated infrequent or rare, especially if sampling is usually conducted only once or twice in a growing season.
At the same time that we inventoried this mine, we conducted an intensive sampling study of vegetation in the plantations of mixed hardwoods, pine, black locust and the ruderal area (Wade and Thompson 1999) . Of 221 taxa present in the sampled plantations and the unplanted area, the plots captured 86 taxa (38.9 percent). The plots captured 100 percent of the abundant taxa but only 9.9 percent of those rated rare on the mine (Fig. 3) . Plot studies provide data that allow calculation of many measures of diversity, but plot studies miss much of the biodiversity. Complete inventories also have disadvantages. They require several visits to each site per growing season in order to find species in flower when they are most visible and when similar taxa are most easily distinguished. Areas up to 10 ha can take a day for complete coverage, that is, walking the area so that all of it is seen. The required time increases greatly during phenologically active periods if voucher specimens are being collected. Brushy areas and dense thickets also increase survey time. As the inventoried area increases more time is required, and by 100 ha the botanist may switch to intensively searching several examples of each habitat type and spending less effort in other replicate habitat areas where additional efforts would be expected to return few additional species.
Given the advantages and disadvantages associated with inventories and sampling studies, it seems reasonable to suggest that a combination of both -sampling studies to characterize vegetation and inventories to define the flora -is most desirable for future studies of succession and biodiversity on reclaimed surface mines.
Conclusions
The pre-SMCRA, 7.3-ha Fonde Surface Mine Demonstration Area supported a vascular plant flora of 299 taxa after 25 years of succession. Native taxa comprised 82.2 percent of the flora. Out of 31 taxa that were planted for reclamation and research purposes, 26 still remained. The abundances of 73 percent of all taxa were rated as infrequent or rare on this site. This abundance distribution is similar to that obtained when lognormally distributed species are assigned to abundance categories. Relative richness of this mine is 87.5 percent of that to be expected in an unmined area of this size in the Mixed and Western Mesophytic Forest Regions, and this relative richness is similar to that found in other completely inventoried pre-SMCRA mined areas in Appalachia. One wetland species on the Fonde site, Scirpus fluviatilis, is on the Kentucky Threatened plant species list (Warren at al. 1986) . A contemporaneous sampling study captured 38.9 percent of the plant species in the study area. Despite their shortcomings in relation to floras, sampling studies provide fine-grained data on community organization and structure that inventories do not provide. Given the inherent advantages and disadvantages of inventories and sampling studies, we suggest that a combination of both methods is most desirable for future studies of succession and biodiversity on reclaimed surface mines and in other areas.
